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Introduction

• NASA has been working on optical communication 
since at least the mid-1970s

• Communication for NASA science and exploration 
missions

• Next step beyond Ka-band

• Program elements

– Technology and system development

– Demonstration missions

– Operational systems
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Early Demonstrations
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OTOOLE OCTL-To-OICETS Optical Link Experiment

1992

1996

2009

• Laboratory developments led 
to experimentation and 
collaborative demonstrations 
with other space agencies & 
organizations

➢ Notably, NASDA/JAXA and 
NICT
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2014 R&D 100 

Winning Technology 

in Communications 

category

2014 Popular Mechanics 

Breakthrough Award for 

Leadership and 

Innovation for LADEE 

Nominated for the 

National Aeronautic 

Association's Robert J. 

Collier Trophy 

Winner of the 

National Space 

Club’s Nelson P. 

Jackson Award for 

2015

2013: NASA’s First, Historic 

Lasercom Mission

The Lunar Laser Communication 

Demonstration (LLCD)

MIT Lincoln Laboratory, NASA GSFC, 

NASA Ames, NASA JPL, and ESA

LLCD returned data by laser to Earth at a record

622 Megabits per second (Mbps)

= streaming 30+ HDTV channels simultaneously!
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Optical Ground Station (OGS)
ESA,  El Teide Observatory

Tenerife, Spain

Optical Communications Telescope Lab (OCTL)

NASA/JPL,  Table Mountain Facility

Wrightwood, CA.

Lunar Lasercomm Ground Terminal (LLGT)
NASA, White Sands Complex

White Sands, NM



2014—OPALS
Optical PAyload for Lasercomm Science
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SpaceX CRS-3 Launch April 18, 2014 

OPALS in Dragon trunk post  separation 

Robotic transfer to ELC-1 

Installation Milestones:

• SpaceX CRS-3 Launch (4/18)

• Dragon Docked with ISS (4/20)

• OPALS Transfer and 
Installation (5/5-5/7)

• OPALS Initial Power On and 
Checkout (5/10)

Nominal Mission:
(Dependent on ISS schedule and TMF Visibility)

• Commissioning Phase (5/14-
5/31)

• First Official Video Downlink 
(6/5)

• First Daytime Video Downlink 
(6/12)

• Low Elevation Transmissions 
(6/11-6/30)

• Power & Pointing Variation 
Testing (7/1-7/31)

• Foreign Ground Station 
Collaborations (8/1-9/15)

50 Mb/s

JPL Early Career Hire Flight Project Training



SCaN

Operated 

Gen-1  OGS

SCaN

Operated 

Gen-1 OGS

Operations Center

1.244 Gbps
Optical Forward
And Return Link

Gen-1 GEO Optical Relay Terminal

Laser Communications Relay
Demonstration (LCRD)

311 Mbps x 2 Return Links on RF

16 Mbps Forward Link on RF

Gen-1 Optical Ground Station

Orion EM-2

Up to 531 Mbps PPM Return Link

20 Mbps Forward Link
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Gen-1 Optical User Terminal

1.244 Gbps Optical Return Link

51 Mbps Forward Link

NASA’s Plan Forward for Near-Earth Relay 
Optical Missions: LCRD in GEO
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GEO Relay and Ground 2019LEO User Terminal on ISS in 2021

Orion EM-2 from the Moon

Pre-Decisional Information -- For Planning and Discussion Purposes Only



NASA’s Next Gen Relay (2024) 
with 10G Users and 100G Crosslinks

8Pre-Decisional Information -- For Planning and Discussion Purposes Only



SCaN

Operated

Gen-1 OGS

SCaN

Operated

Gen-1 OGS

Operations Center
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Low-Cost Optical
Ground Station

Mission

Operated

LC-OGS

Mission

Data

Storage

Mission

Operated

LC-OGS

Mission Users in LEO with High Data
Volumes: Total Return > 56 Tb/day

200G DTE Optical User Terminal

Up to 200 Gbps  Optical Return
Link in 1.9U Volume

NASA’s Optical Plan Forward: Ultra-High 
Data Rate LEO Direct-to-Earth (DTE)
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DSOC 

Gen-1 OGS Operations Center

D
ee

p
 S

p
ac

e
N

ea
r 

Ea
rt

h

DSOC Gen-1 Optical User Terminal

DSOC on Psyche Asteroid Mission 2023
125 Mbps from 40M km

DSOC Gen-1 Optical Ground Station

NASA’s Optical Plan Forward: 
Deep Space Optical Communications
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A"Hybrid"RF/Optical"Ground"Station"Deep"Space"Communication"Demonstration
A Technology Demonstration                                                            Daniel Hoppe: Daniel.J.Hoppe@jpl,.nasa.gov

Recent studies have developed a concept for 
a combined RF/optical aperture. It will allow 
both links to be accommodated on a single 
DSN asset, simplifying operation and 
reducing operational cost. 

A hybrid RF/optical ground station will allow simultaneous high data rate optical downlink and RF uplink/downlink on a singleDSN asset.  

MAIN ACHIEVEMENT:

We intend to demonstrate a single ground station 
capable of simultaneous RF uplink/downlink and high 
bandwidth optical downlink.

HOW IT WORKS: 

Spherical optical primary and clamshell corrector 
located behind RF subreflector capture the optical 
downlink (red). Modified RF subreflector reflects the 
RF uplink/downlink (green) while passing the  optical 
energy.

ASSUMPTIONS AND LIMITATIONS:

A portion of the RF primary is sacrificed leading to a 
slight (0.5 dB) degradation in RF performance.

Optical characteristics of the spherical primary and 
corrector limit the available optical collecting area to 
the equivalent of FRF/DOptical > 1.0. The use of 
spherical segments of varying radius or aspheric 
segments would remove the limitation at increased 
cost.

Requires optical system to operate in an open-air 
environment. Dome is too detrimental to RF system.

Future DSN plans call for high bandwidth 
optical communication and simultaneous RF 
uplink and telemetry downlink. 

Validate system models with 
operational demonstrations.

Demonstrate simultaneous 
RF/optical tracking day and night

Demonstrate spot sizes consistent 
with current optical communication 
detectors

Partners: SMOD, JPL-9200

Proposed Demonstration Leads 
to an Equivalent Optical 
Diameter of 8.3m.

Area Ratio of 18 dB Relative to 
the Largest Dedicated Optical 
Communication Facility, OCTL 
(1.0m Diameter) 

Hybrid Ground Terminal will be 

Telescopes

Overall objective is to combine 
the TRL 5 RF and optical 
elements to demonstrate a TRL 
7 hybrid ground station.
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ACHIEVEMENT 
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Optical 

Area

RF

Area

Current Ground Assets Required to Accommodate 

Simultaneous Deep Space RF/ Optical Links. 

Large Optical Telescope

(Hale For Example)

Large RF Antenna

(DSN 34m Antenna)

Telescope Effective Diameter (m)

Large Binocular 11.9

Keck 10.0

Hobby-Eberly 9.2

RF/Optical Station 8.3

Gemini 8.1

Hale-Palomar 5.1

OCTL-Table Mountain 1.0

Hybrid	RF-Optical	34	m	Antenna
New	Build—12	m

Segmented	Spherical	Primary	

Planned Psyche Demo

And beyond …

Pre-Decisional Information -- For Planning and Discussion Purposes Only



NASA is committed to infusion of optical 
communication into operational support of science 

and exploration missions 
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